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ROOFER:  A  MANAGEMENT  TOOL 
FOR  MAINTAINING  BUILT-UP  ROOFS 

DAVID  M.  BAILEY  DONALD  E.  BROTHERSON  WAYNE  TOBIASSON 


US.  Arim  Construction  University  of  Illinois 

Engineering  Research  Crbana.  Ill. 

Laboratory* 

Champaign.  Ill. 


T„  I  S  .11  mt'd  sen  ices  have  a  yen  huge  inventory  of  build 
digs  w  ith  hiiuiiiinous  Iniili  tip  tnof  membranes.  Million",  of 
Chilian  air  being  spent  annnallv  to  tep.tii  01  replace  these 
roofs  lu  the  past  this  has  been  done  using  inconsistent 
management  schemes.  There  was  a  need  for  a  systematic 
procedure  to  evaluate  these  roofs,  to  determine  priorities 
and  to  select  tepair  strategies  that  would  insure  the  maxi¬ 
mum  leturn  on  investment. 

hi  lespond  to  this  need,  the  U.S  Arms  (  oust! union  En 
gineering  Research  Laboratory  (USA (.ERL).  wit fi  the  as 
sistance  of  the  U.S  Arms  Cold  Regions  Research  and 
Engineering  Laboratory  (URRF.I.)  and  the  U.S.  Arms  En¬ 
gineering  and  Housing  Support  Gentei  (USAF.H.SC).  is  de- 
\eloping  ROOFER,  a  roofing  maintenance  management 
system  fot  built-up  roofs.  This  woik  has  been  a  team  effort 
insoh in jg  looting  experts  fiom  industry  as  well  as  from  other 
luanches  of  the  military  in  an  "on  the  toof’  dynamic  process 
imolving  more  than  of)  buildings  at  seven  locations'  ROOF 
f.R  piovides  building  managers  with  a  practical  decision 
making  piocedute  that  will  identify  problem  roofs  and  select 
maintenance  and  tepair  strategies  fin  roofs  with  bituminous 
membt  anes 

R(  KMT.R  (ompt  ises  procedures  foi  dividing  the  building 
roof  into  manageable  sections,  collecting  and  managing  in- 
yentory  information,  inspection  and  condition  evaluation, 
network  management  and  project  management.  It  utilizes 
mam  of  the  highly  successful  concepts  developed  by  USA 
CTRL  foi  tbe  RAVF.R  pavement  maintenance  management 
system’"’ 

NETWORK  vs.  PROJECT 

Network  management  is  defined  as  the  process  of  making 
decisions  regarding  the  management  of  a  group  of  roof  sec¬ 
tions.  such  as  all  mol  sections  on  a  military  installation  or 
all  i  oof  sections  on  a  specific  building  type  such  as  bat  racks 
Project  management  is  the  ptocess  of  making  decisions 
regarding  the  maintenance  and  repair  of  individual  roof  sec 
tions  When  there  ate  just  a  few  roofs  to  manage,  they  can 
be  kept  tiack  of  on  a  project  basis  When  there  are  hundreds 
"I  thousands  of  tools  to  manage,  initial  decisions  should  not 
be  made  on  a  project  by  project  basis  hut  on  a  network  ba 
sis  R( )(  M  LR  piny  ides  the  tool  fot  uneven  k  dec  isions  as  yvelf 
as  the  infoimaiion  needed  to  initiate  projects.  Netwotk  level 
management  includes  managing  all  of  the  tools  on  an  in 
stallation.  in  a  geogi  apliic  area  cm  even  sets  ic  rvvide.  Manage 
mem  dec  isions  are  made  in  a  general  way  and  do  not  require 

^  I  hr  twice  „j  i hr  milln»\  tin  twl  fnnfiml  in  rr/)rrl  llir  f mutton 
of  the  Ifrfinrtmml  of  tht  Army  or  thr  l trpnrtmnU  of  Itrfm w 
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the  same  amount  of  information  that  a  project-level  deci 
sion  requires.  What  is  needed  is  a  wav  of  comparing  the  con¬ 
dition  of  all  of  the  roofs  in  the  netsvork  using  a  consistent 
evaluation  technique.  Netsvork  level  information  is  used  to 
develop  a  rational  means  of  repairing  or  replacing  problem 
roofs  witbin  the  network  to  meet  specific  performance  lev 
els  Short  and  long  term  plans  can  be  developed  that  will 
respond  to  actual  or  anticipated  needs  rather  than  employ¬ 
ing  crisis  management  or  spending  money  on  roofs  in  less 
need  than  others. 

DIVIDING  A  ROOF  INTO  SECTIONS 

Building  roofs  are  divided  into  identifiable  sections  in  order 
to  increase  management  efficiency.  Managing  roofs  at  the 
section  level  provides  a  better  means  of  evaluating  condi 
lion  and  determining  maintenance  and  repai i  needs.  For 
example:  A  roof  section  that  is  in  poor  condition  w ill  not 
detract  from  the  condition  of  a  roof  section  in  good  condi 
lion  on  the  same  building,  and  conditions  indicating  leplace 
ment  of  one  section  would  not  necessarily  indicate  replace¬ 
ment  of  the  entire  building  roof. 

Roof  sections  are  generally  delineated  bv  firewalls,  expan 
sion  joints  or  area  dividers.  Areas  having  different  roofing 
systems,  different  amounts  of  roof  traffic  and/or  rooftop 
equipment  or  significantly  different  occupancies  below  the 
roof  are  designated  into  separate  sections. 

INVENTORY  AND  DATA  MANAGEMENT 

The  roof  inventory  is  the  foundation  of  ROOFER  It  pro 
vides  the  information  needed  In  engineering  personnel  to 
select  repait  techniques  and  to  determine  the  suitability  of 
replacement  systems.  A  well  maintained  inventory  will  pro 
vide  a  history  of  each  roof  section  and  a  record  of  roof  pet 
formance  that  can  be  used  to  determine  which  built  up  roof 
systems  are  the  most  suitable  fot  use  on  a  particular  build 
ing  type  or  occupancy. 

For  each  building,  general  information  concerning  build¬ 
ing  name,  number,  loc  ation  and  occupancy  are  collected.  A 
building  roof  plan  is  developed  that  shows  overall  dimen- 
sions  and  identifies  each  loof  section  This  information, 
along  with  contiac  i  drawings,  specifications,  submittals  and 
as-built  drawings,  is  also  c  ollected  and  suited  in  a  building 
(older 

lor  each  toof  section,  data  ate  collected  on  the  t\j>e  of 
structural  frame,  deck,  vapm  retarder  insulation,  membrane 
and  flashing.  Worksheets  with  checklists  air  used  to  ensure 
uniformity  in  leponing.  A  toof  section  plan  is  drawn  to  scale 
on  the  roof  inspection  wotksheel.  showing  all  physical  tea 
ttires,  including  perimciei  conditions.  roofto|i  equipment 


ind  1 1 1  c>n'(  tn >ns.  i li  .hi is.  m  up  pci  s.  walk  wavs.  etc.  I  liis  mini 
illation  is  ilit'ii  slow'd  in  a  section  Ihldci. 

( aiilct  liin;  ilif  inventorv  data  t  an  in.  i  frustrating  ex 
iifricnt  c  I  lie  inventory  inloi  illation  is  olitaincd  ftom  a  var- 
iclv  of  st ii 1 1 i  t's  such  as  as-built  drawings.  specifications  and 
an  insjH'i  lion  of  I  he  roof  itself.  The  tore  aits  that  are  made 
to  deteiinnif  die  moisture  foment  of  the  insulation  should 
also  he  used  to  verify  the  romponents  of  the  roofing  system. 
Houevci  tedious,  the  effort  is  needed  and  important  since 
it  establishes  the  foundation  of  the  ROOFF.R  system. 

INSPECTION  AND  CONDITION  EVALUATION 
Condition  Rating 

I  he  condition  rating  is  the  key  component  of  am  main¬ 
tenance  management  system  Ihe  ROOFF.R  system  uses 
three  sepatate  condition  indexes: 

■  MCI  — the  membrane  condition  index 
•  F(  1  —  the  flashing  condition  index 

■  ICI —  the  insulation  condition  index 

Fat  h  of  these  indexes  provides  a  measure  of  that  compo¬ 
nents  ability  to  pet  form  its  function,  the  needed  level  of 
lepan  mil  the  potential  for  leaks.  Numerical  indexc'  range 
front  d  to  Ihd.  with  100  representing  excellent  condition, 
heating  eat  h  component  sepatatelv  provides  a  mote  acctuate 
assessment  of  component  condition  and  needed  maintename 
and  irpait.  1 'tie  MCI  and  FCI  are  determined  bv  visual  in¬ 
spection.  and  the  ICI  is  determined  bv  evaluation  teclini<|iies 
such  as  inflated,  electrical  capacitance  or  nuclear. 

Visual  Inspection 

Ihe  MCI  and  FCI  indexes  for  a  roof  section  are  based  on 
the  <|iiantitv.  severity  and  type  of  distresses  present  on  the 
root  section 

Ihe  visual  inspection  technique,  a  distress  manual  and 
computation  ptocedmes  ate  described  in  detail  in  USA 
CF.Ri.  I'echnical  Report  MH7/IB.  "Membrane  and  Flashing 
<  londitton  Indexes  for  Built-Up  Roofs.  Volume  II:  Inspection 
and  Distt  ess  Manual."* 

l  ive  steps  are  followed  in  the  procedure: 

1.  Determine  type,  severity  and  quantity  of  distress.  File 
tvpe.  severity  and  particular  defect  for  each  distress  is  de 
lined  m  the  “Inspection  and  Distress  Manual"  Six  flash 
mg  distresses  and  10  membrane  distresses  are  identified 
1  table  I ),  and  low.  medium  and  high  sevet  it v  levels  of  dis¬ 
tress  are  described.  For  a  typical  distt  ess  stub  as  blisters, 
love,  medium  and  high  levels  are  described  (Figure  I),  and 
eight  color  photographs  are  used  to  illustrate  the  descrip¬ 
tions  [he  method  of  measming  the  distress  density  is 
also  defined.  Color  photographs  are  used  throughout  the 
manual  to  illustrate  die  other  15  distresses. 

2.  Determine  deduct  values  for  each  distress.  Deduct 
values  for  each  distress  and  severity  level  are  determined 
from  a  series  of  c  harts  similar  to  Figure  2. 

Determine  corrected  total  deduct  value.  The  deduct 
values  ire  enteted  on  the  tool  section  rating  form,  and 
a  <  directed  deduc  t  value  is  determined  using  a  entree 
"on  'hart  that  takes  into  account  the  effect  of  multiple 

distresses  tEiguie  I) 

Determine  component  condition  index.  The  condition 

m!  ,s  '  tlculated  bv  subtracting  the  correc  ted  deduct 
v:,l'ie  from  |00 


5.  Determine  component  condition  rating.  Hie  condition 
rating  is  determined  from  Fable  2. 

NON  DESTRUCTIVE  MOISTURE  EVALUATION 
A  complete  evaluation  of  an  insulated  moling  system  lequires 
that  the  insulation  lie  inspected  to  determine  if  excessive 
moisture  is  present.  Moisture  reduces  the  thermal  value  of 
the  insulation  and  mav  also  reduce  the  bond  between  it  and 
the  membrane  or  deck.  Water  in  insulation  adds  to  the  weight 
the  structural  system  must  support  and  may  cause  corrosion 
of  fasteners  and  deterioration  of  the  roofing  system. 

Bv  using  non-destructive  moisture  evaluation  techniques 
such  as  infrared  (IR),  nuc  lear  or  c  apacitance,  areas  o(  proha 
hie  wet  insulation  can  he  determined’'  Core  samples  must  be 
taken  to  verily  the  probable  wet  areas  and  to  determine  the 
moisture  content  of  the  insulation.  Knowing  the  tvpe  and 
amount  of  wet  insulation  and  its  moisture  content,  the  insu 
lation  condition  index  (ICI)  fot  a  section  c  an  be  calculated. 

ROOF  CONDITION  INDEX 

I  he  membrane,  flashing  and  insulation  condition  indexes 
are  combined  to  determine  the  roof  condition  index  :  R(  !I). 
I  bis  provides  a  usef  ul  method  of  evaluating  the  overall  con¬ 
dition  of  a  roof  section  and  a  method  of  comparing  condi 
tions  between  roof  sections.  The  RCI  allows  the  user  to  rank 
indiv  idual  roof  sections  according  to  their  ability  to  perform 
I  lie  three  component  indexes  (MCI,  FCI  and  ICI)  have 
a  direct  telationship  to  determining  'he  needs  for  main 
tenance  and  repair  [M&.-R)  of  a  roof  section.  Similarly,  the 
RCI  provides  an  overall  indication  of  M&R  needs. 

l.ike  the  component  indexes,  the  RCI  is  based  on  the  same 
scale  of  (I  to  100.  with  100  indicating  that  only  routine  main¬ 
tenance  is  needed.  It  is  calculated  In  giving  the  greatest 
weight  to  the  component  with  the  lowest  condition  index 
and  a  lesser  weight  to  the  remaining  indexes.  For  a  roof  sec 
don  with  insulation,  the  lowest  of  the  three  indexes  has  70 
percent  of  the  weighting  and  the  cither  two  indexes  each  have 
15  petcem  of  the  weighting.  Table  5  lists  the  qualitative  c  on 
dition  ratings  assoc  iated  with  the  RCI. 

NETWORK  MANAGEMENT 

Netwoik  management  uses  the  collected  information  to  de¬ 
velop  long  range  budget  projections  and  work  requiiements 
for  the  network. 

The  ROOFER  program  can  genet  ate  a  seties  of  reports 
for  making  network  management  decisions.  These  reports 
include: 

Section  Inventory  List 

kite  section  inventorv  list  report  (Figure  I)  provides  a  list 
of  the  surveyed  tool  sections.  For  each  section,  the  tvpe  of 
membrane  insulation,  and  deck  as  we  1 1  as  roof  slope  and 
area  arc  provided. 

Inspection  Scheduling 

The  inspection  schedule  report  is  used  to  prepare  a  plan 
lor  scheduling  future  ROOFF.R  inspec  tions  lot  tool  sections 
based  on  the  RCI.  Fite  report  produces  a  plot  and  list  of 
the  tool  sections  to  be  inspected  during  the  next  three  vents 
lot  all  of  the  root  sec  tions  of  a  pat  tic  ular  building  use.  mein 
Inane  tvpe  or  sec  tion  area. 
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Condition  Frequency 

I  lie  condition  frequence  repot  t  informs  management  of  the 
current  condition  of  the  roof  network  and  helps  plan  for 
future  maintenance  and  repair  The  roof  sections  included 
in  the  report  can  he  selected  by  building  use,  membrane, 
insulation  and/or  deck  tvpe,  roof  slope,  section  area  or  age 
The  report  lists.  In  section  and  area,  the  number  and  per¬ 
centages  for  the  different  RCl  ranges  and  provides  a  graphi¬ 
cal  plot  of  the  frequency  of  occurrences.  Figure  5  is  a  typical 
report  for  a  group  of  buildings  at  a  military  installation. 

Using  the  different  selection  options,  the  effects  of  con¬ 
ditions  such  as  deck  type,  insulation  type  or  slope  on  over¬ 
all  condition  can  be  examined. 

Roof  Condition  Index 

The  roof  condition  index  report  (Figute  6)  lists  roof  sections 
and  component  indexes  in  otder  of  increasing  RCI  The 
report  can  be  sorted  based  on  building  use,  membrane,  in 
sulation,  deck  type,  toof  slope,  section  area  or  age  to  pro 
vide  management  with  the  background  infounation  needed 
to  select  and  prioritize  roof  sections  for  maintenance  and 
repair  The  RCI,  building  use  and  age,  as  well  as  available 
budget,  provide  the  criteria  for  project  selection. 

Project  Management 

Project  management  uses  the  three  component  condition 
indexes  and  distress  data  that  were  determined  for  a  section 
to  provide  valuable  information  regarding  the  condition  of 
the  toof  section  and  required  maintenance  and  repair.  T  his 
information  when  combined  with  life-cycle  predictions  can 
be  used  to  identify  M&R  alternatives. 

Field  Tests 

Field  tests  of  the  ROOFER  program  were  performed  at  Ft. 
Meade  last  year,  and  preliminary  Findings  indicate  that  the 
system  works  well.  The  forms  used  for  data  collection  and 
the  microcomputer  program  for  analyzing  the  data  provid 
ed  the  planning  fot  long  range  repair  and  replacement  of 
the  built-up  roof  network  at  Ft.  Meade  They  did  not  pre¬ 
sent  anv  problems  to  the  contractor  performing  the  work. 

CONCLUSIONS 

This  paper  has  described  a  comprehensive  management  sys¬ 
tem  for  built  up  toof  systems  The  procedures  presented  are 
being  programmed  fo;  microcomputer  use  as  part  of  the 
ROOFF.R  program.  Inventoty.  inspect  on,  condition  evalua¬ 
tion  and  network  management  techn  pies  have  been  deve¬ 
loped.  and  the  system  has  been  designed  to  enable  the 
inrorpotation  of  other  low  -slope  roofing  systems  in  the  fit 
tine  ROOFF.R  will  he  available  to  private  industry  through 
a  nongovernment  distribution  agency. 
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Tjble  2  Condition 

ratings 

RCI 

Roof  Condition  Rating 

86  -  100 

Routine  Maintenance 

71  -  85 

Minor  Repairs  Needed 

56  -  7U 

Moderate  Repairs  Needed 

41  -  55 

Majoi  Repairs  Needed 

26  -  40 

Replacement  Ptobable 

11  -  25 

Replacement  Needed 

0  -  10 

Replacement  C  ritical 

Table  3  Maintenance  and  repair  recommendations 

BLISTERS 

Description:  Blisters  are  round  or 
elongated  raised  areas  ot  the 
membrane  that  are  filled  with  air 
Note:  Blisters  and  ridges  ara 
uifficult  to  differentiate  at  the  low 
and  medium  sr.-rity  levels  The 
rating  error  will  be  insignificant  be¬ 
cause  of  the  similarity  in  the  deduct 
curves.  At  high  severity,  however,  it 
is  important  to  distinguish  between 
the  two  distresses  due  to  their 
different  leak  potentials 

Severity  Levels: 

Low: 

1  The  raised  areas  are  noticeable  by  vision  or  feel  The  surfacing  is 
still  in  place  and  the  felts  are  not  exposed 

Medium: 

1  The  felts  are  exposed  or  show  deterioration 
High: 

1  The  blisters  are  broken 

Measurement: 

1  Measure  the  length  and  width  of  the  blister  in  lineal  feet  and  cal¬ 
culate  the  area  (length  times  width)  If  the  distance  between  individu¬ 
al  blisters  is  less  than  5  feet,  measure  the  entire  affected  area  in 
square  feet 

2  When  large  quantities  of  this  problem  are  present  (especially  on 
large  roofs),  the  representative  sampling  technique  can  be  used 

Density: 

A  x  100  Problem  Density 
B 

where  A  =  total  area  of  membrane  blisters  (sq  ft) 

B  =  total  area  of  roof  section  being  rated  (sq  ft) 

Note:  The  problem  density  is  calculated  lor  each  existing  severity  level 


Figure  I  Distress  description  and  seventy  levels  fm  blisters 


rr-  Blister  between  plies 


Graphic  Representation 
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Figure  7  (  xrtrritui  deduct  value*  far  rurmbiane* 
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